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PREFACE 


This  report  is  prepared  under  guidance  contained  in  the 
Recommended  Guidelines  for  Safety  Inspection  of  Dams, 
for  Phase  I  Investigations.  Copies  of  these  guidelines 
may  be  obtained  from  the  Office  of  Chief  of  Engineers, 
Washington,  D.C.  20314.  The  purpose  of  a  Phase  I  inves¬ 
tigation  is  to  identify  expeditiously  those  dams  which 
may  pose  hazards  to  human  life  or  property.  The  assess¬ 
ment  of  the  general  condition  of  the  dam  is  based  upon 
available  data  and  visual  inspections.  Detailed  inves¬ 
tigation,  and  analyses  involving  topographic  mapping, 
subsurface  investigations,  testing,  and  detailed  compu¬ 
tational  evaluations  are  beyond  the  scope  of  a  Phase  I 
investigation;  however,  the  investigation  is  intended  to 
identify  any  need  for  such  studies. 

In  reviewing  this  report,  it  should  be  realized  that  the 
reported  condition  of  the  dam  is  based  on  observations 
of  field  conditions  at  the  time  of  inspection  along  with 
data  available  to  the  inspection  team.  In  cases  where 
the  reservoir  was  lowered  or  drained  prior  to  inspec¬ 
tion,  such  action,  while  improving  the  stability  and 
safety  of  the  dam,  removes  the  normal  load  on  the 
structure  and  may  obscure  certain  conditions  which  might 
otherwise  be  detectable  if  inspected  under  the  normal 
operating  environment  of  the  structure. 

It  is  important  to  note  that  the  condition  of  a  dam 
depends  on  numerous  and  constantly  changing  internal  and 
external  conditions,  and  is  evolutionary  in  nature.  It 
would  be  incorrect  to  assume  that  the  present  condition 
of  the  dam  will  continue  to  represent  the  condition  of 
the  dam  at  some  point  in  the  future.  Only  through 
frequent  inspections  can  unsafe  conditions  be  detected 
and  only  through  continued  care  and  maintenance  can 
these  conditions  be  prevented  or  corrected. 

Phase  I  inspections  are  not  intended  to  provide  detailed 
hydrologic  and  hydraulic  analyses.  In  accordance  with 
the  established  Guidelines,  the  spillway  design  flood  is 
based  on  the  estimated  "Probable  Maximum  Flood"  for  the 
region  (greatest  reasonably  possible  storm  runoff),  or 
fractions  thereof.  The  spillway  design  flood  provides  a 
measure  of  relative  spillway  capacity  and  serves  as  an 
aid  in  determining  the  need  for  more  detailed  hydrologic 
and  hydraulic  studies,  considering  the  size  of  the  dam, 
its  general  condition  and  the  downstream  damage 
potential. 
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BRIEF  ASSESSMENT  OF  GENERAL  CONDITION 

AND 

RECOMMENDED  ACTION 


Name  of  Dam:  Lake  Henry  Dam 

NDI  ID  No.  PA-00154 
DER  ID  No.  64-34 


Size: 


Intermediate  (11  feet  high;  2,389 
acre-ft. ) 


Hazard 

Classification:  High 


Owner:  Janet  L.  Rodgers  and  Helen  W.  Stoner 

c/o  Rodgers-Olver-Polley ,  Inc.;  Agent 
Frank  E.  Rodgers,  Jr.,  President 
918  Church  St. 

Honesdale,  PA  18431 


State  Located: 


Pennsylvania 


County  Located: 
Stream: 


Wayne 

Tributary  to  Jones  Creek 


Date  of  Inspection:  6  June  1980 

According  to  criteria  established  for  these  studies, 
Lake  Henry  Dam  is  classified  as  unsafe,  nonemergency, 
because  of  the  seriously  inadequate  spillway  capacity, 
the  significant  seepage,  and  the  whirlpools  that  have 
reportedly  developed  previously  in  the  lake.  The 
recommended  Spillway  Design  Flood  (SDF)  for  the  size  and 
hazard  category  of  the  dam  is  the  Probable  Maximum  Flood 
(PMF).  The  existing  spillways  can  pass  about  19  percent 
of  the  PMF  before  overtopping  of  the  dam  occurs.  It  is 
judged  that  the  dam  would  fail  during  the  1/2  PMF. 
Failure  of  the  dam  would  increase  the  hazard  to  loss  of 
life  downstream.  As  a  whole,  the  dam  is  judged  to  be  in 
poor  condition. 
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A  potential  hazard  exists  due  to  significant  seepage 
at  the  toe  of  the  dam.  The  whirlpools  that  have 
reportedly  developed  upstream  of  the  embankment  could 
recur  and  are  considered  a  potential  hazard  because 
remedial  measures  performed  by  the  Owner  to  prevent 
additional  whirlpools  from  developing  are  inadequate.  A 
thorough  inspection  of  the  dam  was  not  possible  because 
of  brush  and  debris  and  also  because  of  an  earthfill  that 
was  being  placed  on  the  day  of  the  inspection. 

Maintenance  at  the  dam  is  inadequate.  There  are  no 
outlet  works  facilities  at  the  dam. 

The  following  studies  and  remedial  measures  are 
recommended  to  be  undertaken  by  the  Owner,  in  approximate 
order  of  priority,  immediately: 

(1)  Clear  brush,  debris,  and  trees  from  on  or  near 
the  dam. 

(2)  Perform  additional  studies  to  more  accurately 
ascertain  the  spillway  capacity  required  for  Lake  Henry 
Dam  as  well  as  the  nature  and  extent  of  mitigation 
measures  required  to  provide  adequate  spillway  capacity. 
Take  appropriate  action  as  necessary. 

(3)  Perform  additional  studies  to  determine  the 
structural  stability  of  Lake  Henry  Dam.  These  studies 
should  also  address  the  effects  of  the  seepage  on  the 
structural  stability  of  the  dam,  the  potential  of  the 
seepage  to  cause  piping,  and  the  nature  and  extent  of 
measures  necessary  to  control  seepage  and  prevent  a 
recurrence  of  whirlpools.  Take  appropriate  action  as 
necessary. 

(4)  Design  and  construct  an  outlet  works  capable  of 
drawing  down  the  Lake.  Any  pipe  placed  through  the  dam 
should  be  provided  with  an  upstream  closure  facility. 

(5)  Provide  means  to  prevent  the  floating  islands 
in  the  lake  from  floating  downstream  and  blocking  the 
spillways. 

(6)  Until  investigations,  studies,  and  remedial 
work  are  completed,  the  Owner  should  monitor  the 
condition  of  the  dam  and  appurtenant  structures.  Take 
appropriate  action  as  required  should  any  changes  in 
conditions  occur. 


All  Investigations,  studies,  designs,  and 
inspection  of  construction  should  be  performed  by  a 
professional  engineer  experienced  in  the  design  and 
construction  of  dams.  Tree  removal  on  or  near  the  dam 
should  be  under  the  guidance  of  a  professional  engineer. 

In  addition,  the  Owner  should  institute  the 
following  operational  and  maintenance  procedures: 

(1)  Develop  a  detailed  emergency  operation  and 
warning  system. 

(2)  During  periods  of  unusually  heavy  rains, 
provide  round-the-clock  surveillance  of  the  dam. 

(3)  When  warnings  of  a  storm  of  major 
proportions  are  given  by  the  National  Weather  Service, 
the  Owner  should  activate  his  emergency  operation  and 
warning  system. 

(4)  Initiate  an  inspection  program  at  the  dam. 
As  presently  required  by  the  Commonwealth,  the  inspection 
program  should  include  formal  annual  inspections  by  a 
professional  engineer  experienced  in  the  design  and 
construction  of  dams.  Utilize  the  inspection  results  to 
determine  if  remedial  measures  are  necessary. 

(5)  Expand  the  existing  maintenance  program  to 
properly  maintain  all  features  of  the  dam. 


LAKE  HENRY  DAM 


Approved  by: 

DEPARTMENT  OF  THE  ARMY 

BALTIMORE  DISTRICT,  CORPS  OF  ENGINEERS 
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SECTION  1 

PROJECT  INFORMATION 


1.1  General . 


a.  Authority.  The  Dam  Inspection  Act,  Public  Law 
92-367,  authorized  the  Secretary  of  the  Army,  through  the 
Corps  of  Engineers,  to  initiate  a  program  of  inspection 
of  dams  throughout  the  United  States. 

b.  Purpose.  The  purpose  of  the  inspection  is  to 
determine  if  the  dam  constitutes  a  hazard  to  human  life 
or  property. 

1 .2  Description  of  Pro.lect. 

a.  Dam  and  Appurtenances.  Lake  Henry  Dam  is  a  dry 
stone  masonry  structure  with  an  upstream  earthfill.  It 
has  a  main  spillway  and  an  auxiliary  spillway.  The  dam 
is  about  163  feet  long  and  11  feet  high.  The  main 
spillway  is  at  the  right  abutment  of  the  dam.  It  has  a 
trapezoidal-shaped  section  with  a  24-foot  long  concrete 
weir.  At  the  left  end  of  the  weir  there  is  a  stoplog 
slot  with  a  timber  stoplog  in  place.  The  crest  of  the 
weir  is  1.9  feet  below  the  top  of  the  dam.  A  natural 


knoll  separates  the  main  spillway  from  the  right  end  of 
the  dam.  However,  a  concrete  wall  that  Is  apparently  a 
cutoff  wall  extends  along  the  top  of  the  dam  through  the 
natural  knoll  to  the  main  spillway. 

The  auxiliary  spillway  is  a  notch  in  the  top  of  the 
dry  stone  masonry.  Its  crest  is  35.2  feet  long  and  1.8 
feet  below  the  top  of  the  dam.  There  are  no  outlet  works 
facilities  at  the  dam.  The  various  features  of  the  dam 
are  shown  on  the  Photographs  in  Appendix  C  and  on  the 
Plates  in  Appendix  E.  The  geology  of  the  site  is 
described  in  Appendix  F. 

b.  Location.  Lake  Henry  Dam  is  located  on  a 
tributary  to  Jones  Creek  in  Lake  Township,  Wayne  County, 
Pennsylvania,  approximately  0.4  mile  northeast  of 
Maplewood.  Lake  Henry  Dam  is  shown  on  USGS  Quadrangle, 
Lake  Ariel,  Pennsylvania,  at  latitude  N  41°  26'  10"  and 
longitude  W  75°  26'  35".  A  location  map  is  shown  on 
Plate  E-1. 

c.  Size  Classification.  Intermediate  (11  feet 
high;  2,389  acre-feet  of  which  about  260  acre-feet  is 
contained  in  a  natural  lake). 

d.  Hazard  Classification.  High  Hazard. 

Down-stream  conditions  indicate  that  a  high  hazard 
classifica-tion  is  warranted  for  Lake  Henry  Dam 
(Paragraphs  3*1e  and  5.1c  (5)). 

e.  Ownership.  Janet  L.  Rodgers  and  Helen  W. 
Stoner,  c/o  Rodgers-Olver-Polley ,  Inc.,  Agent,  Frank  E. 
Rodgers,  Jr.  President,  918  Church  St.,  Honesdale, 
Pennsylvania  18431. 

f.  Purpose  of  Dam.  Recreation. 

g.  Design  and  Construction  History.  The 
Pennsylvania  Water  Supply  Commission  (PWSC)  prepared  a 
report  on  the  dam  in  1915.  In  that  report,  the  PWSC 
researched  the  history  of  the  structure.  According  to 
the  PWSC,  the  dam  was  originally  constructed  in  1865  by 
farmers,  apparently  for  recreation  and  ice  harvesting. 
Other  data  indicates  that  the  dam  was  constructed  in 
1878.  The  report  indicates  that  the  original  outlet 
works  was  removed  in  1913  by  M.  E.  Keene.  At  that  time, 
Mr.  Keene  constructed  an  outlet  works  consisting  of  a 
timber  sluiceway  and  a  timber  gate.  At  that  time,  the 
embankment  was  a  dry  stone  masonry  gravity  dam  with 
timber  sheeting  along  the  upstream  side.  In  July  1914, 
the  dam  was  overtopped  -by  2  feet,  with  no  reported 
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damage.  The  report  prepared  by  the  PWSC  in  1915 
recommended  increasing  the  spillway  capacity.  By  1917, 
the  owner  had  enlarged  the  spillway,  which  was  at  the 
right  abutment,  to  the  satisfaction  of  the  PWSC.  The 
PWSC  inspected  the  dam  several  times  between  1917  and 
1934.  Repairs  were  ordered  at  least  once.  A  summary  of 
the  inspection  history  is  in  Appendix  A.  In  July  1934, 
the  dam  overtopped  "slightly"  and  the  spillway  weir 
collapsed.  This  caused  a  highway  bridge  downstream  to 
wash  out  and  severe  erosion  damage  at  a  railroad  bridge 
downstream.  A  new  concrete  weir  was  constructed  by 
September  1934.  As  noted  in  Appendix  A,  further  repairs 
were  ordered  after  an  inspection  in  1935  by  the  PWSC. 

The  dam  was  modified  in  1938.  The  timber 
sluiceway  outlet  works  was  removed,  the  timber  sheeting 
on  the  upstream  slope  was  reportedly  removed,  earthfill 
was  added  upstream  of  the  dry  stone  masonry,  and  the 
auxiliary  spillway  was  constructed. 

In  1975,  the  Lake  Henry  Cottagers’  Association, 
Inc.  (LHCA)  leased  the  dam  from  the  present  Owner.  Their 
lease  reportedly  includes  the  responsibility  for 
maintenance  of  the  dam.  The  LHCA  paved  the  auxiliary 
spillway  with  macadam  and  "faced  the  dam  with  concrete" 
in  1975.  The  concrete  facing  is  apparently  cosmetic, 
because  around  1976  two  whirlpools  developed,  at 
different  times,  in  the  lake  adjacent  to  the  dam.  The 
LHCA  reports  that  between  1976  and  the  present  over  300 
tons  of  crusher  waste  from  a  local  quarry  was  placed  on 
the  upstream  slope  to  eliminate  the  whirlpools  and  to 
provide  a  submerged  access  road  across  the  dam. 
Construction  in  progress  on  the  day  of  the  inspection  is 
described  in  Section  3. 

h.  Normal  Operational  Procedure.  The  pool  is 
maintained  at  the  main  spillway  crest  level  with  excess 
inflow  discharging  over  the  spillways.  There  are  no 
outlet  works  facilities.  Spillway  discharge  flows 
downstream  to  Jones  Creek. 

1.3  Pertinent  Data  (Existing  Conditions). 

a.  Drainage  Area,  (square  miles)  5.9 
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b.  Discharge  at  Damsite.  (ofs.) 

Maximum  known  flood  at  damsite  990 

Outlet  works  at  maximum 

pool  elevation  None. 

Spillway  capacity  at 
maximum  pool  elevation 

Main  3*10 

Auxiliary  230 

Total  570 

c.  Elevation,  (feet  above  msl.) 

Top  of  dam  1481.9 

Maximum  pool  1481.9 

Normal  pool  (main  spillway  crest)  1480.0 

Auxiliary  spillway  crest  1480.1 

Upstream  invert  outlet  works  None. 

Downstream  invert  outlet  works  None. 

Streambed  at  toe  of  dam  1471.4 

d.  Reservoir  Length,  (miles) 

Normal  pool  1 .6 

Maximum  pool  1 .7 

e.  Storage,  (acre-feet) 

Natural  lake  262 

Normal  pool  1,766 

Maximum  pool  2,389 

f.  Reservoir  Surface,  (acres) 

Natural  lake  81 

Normal  pool  319 

Maximum  pool  337 

g.  Dam. 

Type  Dry  stone  masonry 

gravity  structure 
with  earthfill 
upstream. 

Length  ( feet-approximate)  163 


Height  (feet)  11 


Topwidth  (feet)  Varies,  8  minimum. 

Side  Slopes 

“  Upstream  (Record  Data)  IV  on  2H 

Downstream  Vertical. 
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Dam  (Cont'd.) 

Zoning  Earthfill  and  dry 

atone  masonry. 

Cut-off  Unknown . 

Grout  Curtain  None . 


Diversion  and  Regulating 
Tunnel.  ~ 


Spillway. 

Type 

Main 


Auxiliary 


Length  of  Weir  (feet) 
Main 

Auxiliary 

Crest  Elevation 
Main 

Auxiliary 

Upstream  Channel 
Main 

Auxiliary 

Downstream  Channel 
Main 

Auxiliary 


None. 


Approximate 
trapezoidal¬ 
shaped 
section 
with  a 
broad- 
crested 
concrete 
weir. 

Broad- 

crested 

weir. 


24.0 

35.2 


1480.0 

1480.1 


Reservoir. 

Reservoir. 


Concrete  apron. 
Natural  stream, 
(see  Section  3)* 


Regulating  Outlets. 


None 


SECTION  2 


ENGINEERING  DATA 


2.1  Design. 

a.  Data  Available.  There  are  no  data  for  the  dam. 

b.  Design  Features.  The  project  is  described  in 
Paragraph  1 .2a.  The  various  features  of  the  dam  are 
shown  on  the  Photographs  in  Appendix  C  and  on  Plates  E-2 
and  E-3  in  Appendix  E. 

c.  Design  Considerations.  There  are  insufficient 
data  to  assess  the  design. 

2.2  Construction. 


a.  Data  Available.  No  data  are  available  for  the 
construction  of  the  original  dam.  The  only  construction 
data  are  very  scant  data  for  the  1938  modification. 

b.  Construction  Considerations.  There  are 
insufficient  data  to  assess  the  construction. 

2.3  Operation.  There  are  no  formal  records  of 
operation.  The  LHCA  maintains  some  records  of  the 
post- 1975  work  performed  at  the  dam.  A  record  of 
operation  does  exist  in  the  form  of  inspection  reports 
prepared  by  the  Commonwealth  between  1917  and  1965.  The 
findings  of  these  inspections  are  in  Appendix  A. 

2.4  Evaluation. 


a.  Availability.  Engineering  data  were  provided 
by  the  Bureau  of  Dams  and  Waterway  Management,  Department 
of  Environmental  Resources,  Commonwealth  of  Pennsylvania 
(PennDER).  The  Owners  made  available  their  agent  for 
information  during  the  visual  inspection.  The  Lake  Henry 
Cottagers’  Association,  Inc.  made  available  their 
president,  vice-president,  and  maintenance  supervisor  for 
information. 

b.  Adequacy.  The  type  and  amount  of  available 
design  data  and  other  engineering  data  are  very  limited, 
and  the  assessment  must  be  based  on  the  combination  of 
available  data,  visual  inspection,  performance  history, 
hydrologic  assumptions,  and  hydraulic  assumptions. 
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c.  Validity.  There  is  no  reason  to  question  the 
validity  of  the  available  data.  However,  much  of  the 
data  is  in  conflict.  Significant  conflicts  are  discussed 
in  other  sections  of  this  Report. 


-7- 


SECTION  3 
VISUAL  INSPECTION 


3.1  Findings. 

a.  General.  The  overall  appearance  of  the  dam  is 
poor.  Deficiencies  were  observed  as  noted  below.  A 
sketch  of  the  dam  with  the  locations  of  deficiencies  is 
presented  on  Exhibit  B-1  in  Appendix  B.  Survey 
information  acquired  for  this  Report  is  summarized  in 
Appendix  B.  Datum  for  the  survey  was  assumed  at  main 
spillway  crest,  Elevation  1480.0,  as  shown  on  USGS 
mapping.  On  the  day  of  the  inspection,  the  pool  was  at 
the  main  spillway  crest. 

The  inspection  team  was  accompanied  by  a 
representative  of  PennDER.  When  the  inspection  team 
arrived,  the  LHCA  was  in  the  process  of  placing  fill 
along  the  downstream  side  of  the  dam.  It  was  reported 
that  vandals  had  removed  some  large  stones  from  the 
downstream  face  of  the  dam  and  that  the  purpose  of  the 
fill  was  to  prevent  future  acts  of  vandalism.  As  part  of 
the  work,  the  LHCA  had  placed  fill  across  the  entire 
auxiliary  spillway  to  allow  access  to  the  other  side  by 
construction  equipment.  The  fill  is  an  uncompacted, 
silty  sand  with  some  boulders  (Photographs  C  and  G). 

The  PennDER  representative  asked  the  LHCA  if 
they  had  a  permit  to  perform  the  work.  When  the  LHCA 
replied  that  they  had  no  permit,  the  PennDER  representa¬ 
tive  informed  them  that  they  were  in  violation  of  the 
Pennsylvania  Dam  Safety  and  Encroachments  Act.  He 
advised  them  to  cease  work.  Further  discussions  with 
LHCA  revealed  that  the  fill  in  the  auxiliary  spillway  was 
intended  as  a  temporary  measure  to  protect  the  auxiliary 
spillway  structures  from  damage  by  hauling  equipment. 

The  PennDER  representative  then  advised  that  since 
obtaining  a  permit  could  be  a  relatively  lengthy  process, 
removing  the  fill  from  the  auxiliary  spillway  would 
enable  it  to  pass  its  discharge  capacity.  When  the 
PennDER  representative  and  the  inspection  team  returned 
from  lunch,  the  temporary  fill  in  the  auxiliary  spillway 
had  been  completely  removed  and  all  work  had  ceased 
(Photograph  H). 

b.  Dam.  Very  little  could  be  seen  of  the  dry 
stone  masonry.  Only  the  right  end  of  the  downstream  face 
of  the  dam  was  visible.  -  It  appeared  to  be  in  good 


condition,  although  a  very  small  bulge  that  is  obviously 
not  of  recent  origin  was  observed  adjacent  to  the 
recently-placed  earthfill  below  the  auxiliary  spillway. 
Some  fairly  large  (5-foot  maximum  dimension)  boulders  are 
randomly  located  on  the  earthfill.  The  total  seepage  at 
the  toe  of  the  earthfill  was  about  50  gpm.  The  locations 
of  seepage  points  are  shown  on  Exhibit  B-1.  To  the  left 
of  the  earthfill,  a  slope  that  appears  to  be  a  natural 
slope  extends  for  about  50  feet.  Mature  trees  are 
growing  on  the  slope,  which  is  covered  with  massive 
vegetal  debris.  Brush  and  trees  are  also  growing  at  the 
abutments  and  at  the  toe  of  the  dam. 

The  auxiliary  spillway  is  located  near  the 
center  of  the  dam.  The  auxiliary  spillway  was  obscured 
by  a  thin  layer  of  soil  (Photograph  H).  Macadam  was 
observed  at  two  locations  through  the  soil  cover.  To  the 
right  of  the  auxiliary  spillway,  a  concrete  wall  extends 
to  the  main  spillway,  as  shown  on  Plate  E-2.  Only  the 
top  of  the  wall  is  visible.  It  deflects  at  two 
locations.  At  the  deflection  point  nearest  the  main 
spillway,  the  wall  is  cracked  and  offset  vertically  by 
0.2  foot. 

The  upstream  side  of  the  dam  has  been  recently 
filled  with  crusher  waste.  The  LHCA  reported  that 
whirlpools  developed  in  the  lake  near  the  dam  in  about 
1976.  One  whirlpool  was  near  the  main  spillway.  The 
other  was  just  to  the  right  of  the  auxiliary  spillway. 

The  crusher  waste  was  placed  both  to  eliminate  the 
whirlpools  and  to  provide  a  submerged  access  road  for 
construction  equipment,  as  noted  in  Paragraph  1.2g.  The 
crusher  waste  is  not  well  compacted  adjacent  to  the 
embankment. 

The  survey  performed  for  this  inspection  was 
used  to  draw  a  plan  of  the  dam  that  is  shown  on 
Plate  E-2.  The  only  available  drawing  for  the  dam  shows 
cross  sections  and  profiles  for  the  spillways.  This 
drawing  is  shown  on  Plate  E-3.  Using  Plate  E-3  as  a 
guide,  the  embankment  is  0.2  foot  below  its  design 
elevation.  A  profile  of  the  dam  is  shown  in  Appendix  B. 

c.  Appurtenant  Structures.  The  main  spillway  is 
at  the  right  abutment  of  the  dam.  A  stoplog  that  extends 
partially  along  the  crest  is  mortared  into  the  stoplog 
slot.  The  crusher  waste  placed  along  the  upstream  side 
of  the  dam  is  level  with  the  top  of  the  weir  and  stoplog. 
The  right  end  of  the  weir  is  covered  with  crusher  waste 
and  the  left  end  is  covered  with  earthfill.  The  ends  of 
the  weir  are  therefore  not  distinct.  The  concrete  apron 


that  is  downstream  of  the  weir  is  a  thin  paving  that 
covers  a  stone  and  concrete-rubble  fill.  A  hole  about  2 
inches  in  diameter  that  was  eroded  into  the  paving  allows 
water  to  flow  through.  There  is  about  a  1-foot  drop 
between  the  end  of  the  apron  and  the  streambed.  The  end 
is  unprotected  and  erosion  has  occurred  at  the  end  of  the 
apron.  Bedrock  is  visible  in  the  main  spillway  channel. 

The  auxiliary  spillway  is  described  in 
Paragraph  3.1b.  There  is  no  outlet  works  at  the  dam. 

The  left  abutment  of  the  dam  is  very  flat  and  heavily 
wooded. 

d.  Reservoir  Area.  The  watershed  is  mostly 
rolling  hills  with  minor  rural  development.  The  western 
edge  of  the  watershed  is  mountainous  and  steep.  There 
are  3  dams  within  the  watershed,  as  noted  in  Appendix  D. 
The  right  shore  of  the  reservoir  has  mild  slopes;  the 
left  shore  is  fairly  steep.  The  LHCA  pointed  out  what 
appeared  to  be  islands  in  the  lake.  They  stated  that 
these  are  floating  islands,  or  masses  of  vegetal  matter 
with  trees  growing  thereon.  One  of  these  islands  is  just 
upstream  of  the  left  abutment  of  the  dam.  It  was 
reported  that  it  drifted  into  the  cove  to  the  right  of 
the  main  spillway  and  was  towed  to  its  present  location. 
At  present,  this  island  is  secured  by  aerial  cable  to  the 
shore.  The  other  islands  in  the  lake  are  not  secured  to 
the  reservoir  bottom  or  the  shore. 

e.  Downstream  Channel.  The  main  spillway  channel 
joins  the  auxiliary  spillway  channel  about  100  feet 
downstream  from  the  dam.  The  banks  of  both  channels  are 
steep  and  wooded.  Some  evidence  of  minor  erosion  was 
observed  at  the  banks.  From  the  dam,  the  stream  flows 
for  about  0.4  mile  where  it  crosses  under  two  roads.  The 
stream  then  flows  for  another  0.4  mile  to  the  remains  of 
an  old  mill  dam,  which  is  breached.  The  stream  is  steep 
and  narrow  in  the  above  reach.  Just  upstream  of  the 
remains  of  the  mill  dam  is  a  bridge.  One  dwelling  is  at 
the  right  bank  of  the  stream  near  the  above  bridge.  The 
stream  then  flows  for  0.1  mile  into  an  extensive  swamp. 
The  stream  is  known  as  Jones  Creek  from  this  point 
downstream.  Where  the  stream  flows  into  the  swamp,  there 
is  a  low-lying  dwelling  adjacent  to  the  stream.  The 
swamp  extends  downstream  for  2.2  miles.  There  are  no 
low-lying  dwellings  near  the  swamp.  At  the  downstream 
end  of  the  swamp,  the  stream  flows  under  PA  Route  348 
(PA-348).  Near  PA-348  are  3  additional  dwellings  that 
could  be  flooded  by  a  failure  of  the  dam.  Downstream 
conditions  are  shown  on  Exhibit  D-1 . 
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SECTION  4 


OPERATIONAL  PROCEDURES 


4.1  Procedure.  The  reservoir  is  maintained  at  the  main 
spillway  crest  level  with  excess  inflow  discharging  over 
the  main  and  auxiliary  spillways  and  into  the  downstream 
channel.  There  are  no  outlet  works  facilities. 

4.2  Maintenance  of  Dam.  The  LHCA  maintenance  supervisor 
visits  the  dam  daily,  except  during  the  winter.  The  dam 
is  not  visited  during  the  winter.  The  maintenance  work 
performed  by  the  LHCA  is  described  in  Sections  1  and  3* 

4.3  Maintenance  of  Operating  Facilities.  There  are  no 
operating  facilities  at  the  dam.  The  LftCA  maintenance 
foreman  stated  that  he  would  remove  the  stoplog  with  an 
axe  if  the  lake  rose  to  near  the  top  of  the  dam. 

4.4  Warning  Systems  in  Effect.  There  is  no  emergency 
operation  and  warning  system. 

4.5  Evaluation  of  Operational  Adequacy.  The  maintenance 
of  the  embankment  and  spillways  is  poor,  as  discussed  in 
Sections  5  and  6.  The  method  of  removing  the  stoplog  is 
unreliable  because  access  to  it  would  be  difficult  during 
high  pool  conditions.  Inspections  are  necessary  to 
detect  hazardous  conditions  at  the  dam.  An  emergency 
operation  and  warning  system  is  necessary  to  reduce  the 
risk  of  dam  failure  should  adverse  conditions  develop  and 
to  prevent  loss  of  life  should  the  dam  fail. 
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SECTION  5 

HYDROLOGY  AND  HYDRAULICS 


5.1  Evaluation  of  Features. 

a.  Design  Data.  There  are  no  design  data.  The 
addition  of  the  auxiliary  spillway  in  1938  was  never 
analyzed  by  the  Commonwealth.  The  work  was  performed 
without  a  permit,  although  the  Commonwealth  had  no 
objections  to  the  modifications  as  completed  in  1938. 

b.  Experience  Data.  The  reported  flood  of  record 
occurred  in  July  191H,  when  the  dam  overtopped  by  2  feet. 
The  Pennsylvania  Water  Supply  Commission  estimated  the 
flow  as  990  cfs.  This  is  further  discussed  in 
Paragraph  5. Id  (5).  No  data  are  available  to  estimate 
the  flow  for  the  flood  of  July  1 93 ^ ,  when  the  spillway 
weir  washed  out. 

c.  Visual  Observations. 

(1)  General.  The  visual  inspection  of  Lake 
Henry  Dam,  which  is  described  in  Section  3,  resulted  in  a 
number  of  observations  relevant  to  hydrology  and 
hydraulics.  These  observations  are  evaluated  herein  for 
the  various  features. 

(2)  Dam.  There  were  no  significant  observa¬ 
tions  relevant  to  hydrology  and  hydraulics  for  the  dry 
stone  masonry  section  of  the  dam.  Observations  on  the  dry 
stone  masonry  pertain  to  structural  stability  and  are 
evaluated  in  Section  6. 

(3)  Appurtenant  Structures.  After  the 
recently-placed  earthfill  had  been  removed  from  the 
auxiliary  spillway,  no  deficiencies  were  observed  at  the 
auxiliary  spillway.  The  main  spillway  weir  is  in  good 
condition.  The  deterioration  of  the  spillway  apron  is  not 
a  major  hazard  to  the  dam  at  present.  However,  if  the 
eroded  areas  are  not  repaired,  further  erosion  is  likely. 
Structural  details  of  the  main  spillway  weir  are  not 
available.  From  descriptions  in  the  records,  it  is 
implied  that  the  main  spillway  weir  relies  upon  the  rubble 
downstream  of  the  weir  for  support.  Thus,  further  erosion 
of  the  rubble  downstream  of  the  weir  is  of  concern.  The 
ends  of  the  main  spillway  weir  are  not  distinct.  As  shown 
on  the  profile  in  Appendix  B,  the  main  spillway  has  been 
assumed  to  include  the  overbank  at  the  right  end  and  part 
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of  the  natural  knoll  at  the  left  end.  Although  the  brush 
and  trees  in  this  area  would  reduce  the  main  spillway 
capacity ,  the  effects  of  the  brush  and  trees  have  not  been 
included  in  the  analysis  described  hereafter. 

Since  there  are  no  outlet  works  facilities, 
there  is  no  effective  means  of  drawing  down  the  lake  in 
in  case  of  emergency. 

(4)  Reservoir  Area.  The  development  in  the 
watershed  is  minor.  Pertinent  data  concerning  Half  Moon 
Lake  Dam  and  Kizer  Pond  Dam  are  in  Appendix  D.  A  profile 
of  each  dam  is  in  Appendix  5.  The  spillway  at  Half  Moon 
Lake  Dam  is  completely  blocked  by  debris  (Photograph  J). 
The  pool  is  maintained  below  spillway  crest  by  seepage 
through  the  dam.  For  the  analysis  described  hereafter, 
the  pool  was  assumed  to  be  maintained  at  the  water  level 
existing  on  the  day  of  the  inspection.  Since  the 
spillway  is  blocked,  only  flow  over  top  of  the  dam  is 
considered.  The  effects  of  Half  Moon  Lake  have  been 
included  in  the  analysis  only  because  they  may  affect  the 
runoff.  A  failure  of  Half  Moon  Lake  Dam  would  not 
present  a  significant  hazard  to  Lake  Henry  Dam. 

The  effects  of  Kizer  Pond  Dam  have  also 
been  included  in  the  analysis.  A  road  extends  parallel 
to  and  just  downstream  from  the  axis  of  the  dam 
(Photograph  I).  For  the  purposes  of  this  study,  it  is 
assumed  that  the  higher  of  either  the  road  or  the  top  of 
the  dam  controls.  This  is  shown  on  the  profile  in 
Appendix  B.  However,  some  flow  over  the  top  of  the  dam 
would  be  directed  along  the  downstream  toe.  This 
condition  was  not  modelled.  Plate  E-1  shows  an  outlet 
along  the  right  shore  of  Kizer  Pond  Dam.  This  outlet  was 
observed  during  the  inspection  and  is  judged  not  to 
provide  significant  discharge  capacity.  It  is  a  natural 
low  area  that  is  covered  wtih  thick  brush. 

Spillway  flow  immediately  downstream  from 
Kizer  Pond  Dam  flows  into  a  culvert  under  the  road  and 
then  into  Kizer’ s  Little  Pond,  which  is  impounded  by  a 
10-foot  high  embankment.  The  effects  of  Kizer’ s  Little 
Pond,  which  has  negligible  storage,  have  been  ignored. 

(5)  Downstream  Conditions.  No  conditions  were 
observed  downstream  that  would  reduce  the  hydraulic 
capacity  of  the  spillways.  A  failure  of  the  dam  would 
flood  2  dwellings  within  1  mile  of  the  dam.  Although  the 
swamp  along  Jones  Creek  would  have  significant  mitigating 
effect  on  discharge  resulting  from  dam  failure,  the 
bridge  at  the  downstream  end  of  the  swamp  would  act  as  a 
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small  dam.  A  failure  of  Lake  Henry  Dam  would  cause  a 
large  volume  of  water  to  flow  downstream.  This  would 
probably  cause  the  roadway  and  bridge  at  the  downstream 
end  of  the  swamp  to  overtop,  with  the  resultant  flooding 
of  3  additional  dwellings.  The  downstream  conditions 
indicate  that  a  high  hazard  classification  is  warranted 
for  Lake  Henry  Dam. 

d.  Overtopping  Potential. 

(1)  Spillway  Design  Flood.  According  to  the 
criteria  established  by  the  Office  of  the  Chief  of 
Engineers  (OCE) ,  the  Spillway  Design  Flood  (SDF)  for  the 
size  (Intermediate)  and  hazard  potential  (High)  of  Lake 
Henry  Dam  is  the  Probable  Maximum  Flood  (PMF) .  The 
watershed  was  modeled  with  the  HEC-1DB  computer  program. 

A  description  of  the  model  is  included  in  Appendix  D. 

The  assessment  of  the  hydrology  and  hydraulics  is  based 
on  existing  conditions,  and  the  effects  of  future 
development  are  not  considered. 

(2)  Summary  of  Results.  Pertinent  results  are 
tabulated  at  the  end  of  Appendix  D.  The  analysis  reveals 
that  Lake  Henry  Dam  can  pass  about  19  percent  of  the  PMF 
before  overtopping  of  the  dam  occurs.  The  dam  is  rated 
at  its  existing  top  elevation.  Raising  the  top  of  the 
dam  to  its  reported  design  elevation  would  make 
negligible  difference  in  the  spillway  capacity.  The 
analysis  also  reveals  that  Half  Moon  Lake  Dam  and  Kizer 
Pond  Dam  can  pass  9  percent  and  20  percent,  respectively, 
of  their  components  of  the  PMF. 

(3)  Spillway  Adequacy.  The  criteria  used  to 
rate  the  spillway  adequacy  of  a  dam  are  described  in 
Appendix  D.  During  the  1/2  PMF,  the  dam  will  overtop  by 
2.2  feet  for  19  hours.  The  flood  of  record  at  the  dam 
occurred  on  10  July  1914  when,  according  to  the 
Pennsylvania  Water  Supply  Commission,  "as  much  as  2  feet 
of  water  passed  over  the  sheeting  during  a  cloudburst." 

No  duration  is  noted.  The  reference  to  sheeting  is  to 
the  timber  sheeting  that  then  extended  along  the  upstream 
side  of  the  dry  stone  masonry  and  protruded  above  the  top 
of  the  masonry.  Neither  the  source  of  the  data 
concerning  the  overtopping  nor  the  method  of  determining 
the  depth  of  overtopping  is  noted.  Although  the  dam 
could  probably  withstand  shallow  overtoppings,  it  is 
judged  that  the  dam  could  not  withstand  the  depth  and 
duration  of  overtopping  that  would  occur  during  the 

1/2  PMF.  Although  the  dry  stone  masonry  at  the  top  of 
the  dam  might  withstand  the  velocities  that  would  occur 
during  the  overtopping,  the  toe  of  the  dam  would  be 
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subject  to  scour  which  could  cause  the  dam  to  fail.  As 
noted  in  Section  6,  foundation  conditions  at  the  dam  are 
unknown.  As  shown  on  Plate  E-3,  a  previous  owner  of  the 
dam  placed  rubble  and  debris  on  the  downstream  side  of 
the  auxiliary  spillway.  It  is  believed  that  this 
indicates  that  scour  had  either  occurred  or  was 
anticipated.  It  is  therefore  assumed  that  the  dam  would 
fail  during  an  occurrence  of  the  1/2  PMF.  Assumptions 
used  to  model  the  breach  are  listed  in  Appendix  D.  The 
resulting  flows  were  routed  downstream.  The  results 
indicate  that  a  failure  of  the  dam  would  increase  the 
water  level  near  dwellings  between  2.0  to  3.7  feet  over 
the  stream  depth  that  would  occur  if  the  dam  were  not  to 
fail.  There  is  an  increased  hazard  to  loss  of  life.  The 
bridges  extending  across  the  stream  were  not  considered 
in  the  model.  Their  effects  would  increase  the  hazard. 
The  spillway  capacity  of  Lake  Henry  Dam  is  rated  as 
seriously  inadequate. 

As  part  of  this  study,  the  effects  of  a 
failure  of  Kizer  Pond  Dam  during  the  1/4  and  1/2  PMF  were 
determined.  During  either  storm,  a  failure  of  Kizer  Pond 
Dam  would  have  negligible  effect  on  Lake  Henry  Dam.  It 
was  assumed  that  Kizer  Pond  Dam  would  be  breached  down  to 
the  elevation  of  the  low  elevation  of  the  top  of  the  road 
that  is  just  downstream  and  parallel  to  the  axis  of  the 
dam. 


SECTION  6 


STRUCTURAL  STABILITY 


6.1  Evaluation  of  Structural  Stability. 

a.  Visual  Observations. 

(1)  General.  The  visual  inspection  of  Lake 
Henry  Dam,  which  is  described  in  Section  3,  resulted  in  a 
number  of  observations  relevant  to  structural  stability. 
These  observations  are  evaluated  herein  for  the  various 
features. 


(2)  Dam.  The  growth  of  trees  on  or  near  the 
dam  is  a  hazard  to  the  structure.  Root  systems  can 
loosen  material  that  make  up  the  dam  and  create  paths 
along  which  seepage  and  piping  (internal  erosion)  might 
occur.  Brush  and  debris  are  objectionable  because  they 
obscure  the  dam  and  hinder  visual  inspection. 

The  uncompacted  earthfill  that  was  being 
placed  on  the  day  of  inspection  does  not  structurally 
harm  the  dam.  It  was  being  placed  on  an  unstripped 
foundation.  The  downstream  slope  was  the  angle  of  repose 
of  the  fill;  the  survey  performed  for  this  inspection 
reveals  that  the  slope  is  about  IV  on  1.25H.  The  LHCA 
maintenance  supervisor  stated  that  the  LHCA  eventually 
planned  to  place  riprap  on  the  slope,  but  no  riprap  was 
stockpiled  at  the  site.  In  its  present  condition,  the 
earthfill  would  erode  rapidly  during  either  heavy  rain  or 
periods  of  auxiliary  spillway  flow.  The  earthfill  is 
very  objectionable  because  it  obscures  most  of  the  dam 
and  the  location  of  the  seepage.  Although  it  is  not 
pertinent  to  the  safety  of  the  dam,  the  earthfill  also 
presents  environmental  and  personnel  hazards. 

A  thorough  inspection  of  the  dam  was  not 
possible  because  most  of  the  dam  was  obscured  either  by 
the  recently  placed  earthfill  or  by  brush  and  debris. 

This  is  further  discussed  in  Paragraph  6.1b. 

(3)  Appurtenant  Structures.  The  minor 
maintenance  deficiencies  at  the  main  spillway  are 
evaluated  in  Section  5.  No  deficiencies  were  observed  at 
the  auxiliary  spillway,  as  noted  in  Section  5. 

b.  Design  and  Construction  Data.  A  review  of  the 
photographs  in  the  PennDER  files  reveals  some  data 
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pertinent  to  the  dam.  The  photographs  were  mostly  taken 
during  the  periodic  inspections  performed  by  the 
Commonwealth.  A  previous  owner  also  submitted  a  set  of 
photographs.  Although  undated,  they  are  believed  to  have 
been  taken  in  1951,  when  a  drawing  (Plate  E-3)  was 
submitted  to  the  Commonwealth. 

Judging  by  photographs  taken  in  1915  and  1938, 
the  dry  stone  masonry  appears  to  extend  about  10  to 
20  feet  beyond  the  point  described  by  the  maintenance 
supervisor.  The  1951  photographs  show  an  upstream 
concrete  wall  extending  about  20  feet  to  the  left  of  the 
auxiliary  spillway.  Plate  E-2  shows  a  slope  extending 
about  50  feet  to  the  left  of  the  auxiliary  spillway.  It 
is  fairly  certain  that  the  dry  stone  masonry  extends  at 
least  20  feet  beyond  the  left  end  of  the  auxiliary 
spillway;  it  may  extend  up  to  50  feet.  If  it  does  not, 
then  the  natural  slope  acts  as  an  embankment  and  there 
would  be  concern  for  its  slopes  and  composition.  The 
downstream  slope  is  covered  by  massive  vegetal  debris  and 
large  trees.  The  inspection  team  could  not  determine 
what  portions  of  the  area  to  the  left  of  the  auxiliary 
spillway  were  natural  or  manmade. 

The  foundation  conditions  at  the  embankment  are 
unknown.  Bedrock  outcrops  at  the  main  spillway,  but  no 
bedrock  was  observed  near  other  areas  of  the  dam.  As 
noted  in  Section  5,  rubble  and  debris  were  placed  at  the 
toe  of  the  dam,  which  is  believed  to  indicate  that  scour 
was  either  anticipated  or  was  previously  a  problem.  The 
rubble  and  debris  may  be  under  the  recently  placed 
earthfill. 


The  PWSC  Report  of  1915  describes  the  dam  as 
rockfill  (dry  stone  masonry)  with  timber  sheeting 
upstream.  Photographs  taken  in  1930  and  1937  show 
earthfill  and  rockfill  placed  on  the  upstream  side  of  the 
sheeting.  Plate  E-3  indicates  that  by  1938,  a 
significant  amount  of  fill  had  been  placed  upstream  of 
the  sheeting.  This  Plate  also  indicates  that  the 
sheeting  had  been  removed  in  1938.  As  the  removal  of  the 
sheeting  would  have  required  excavation  of  the  upstream 
earthfill,  it  is  surmised  that  only  the  upper,  exposed 
portion  of  the  sheeting  was  removed  and  replaced  by  a 
concrete  wall.  The  LHCA  has  since  placed  more  crusher 
waste  on  the  upstream  side  of  the  embankment. 

The  seepage  at  the  dam  is  of  concern  because  it 
is  uncontrolled  and  the  quantity  has  apparently  increased 
significantly  since  the  dam  was  last  inspected.  Previous 
Inspection  reports  only  note  a  minor  amount  of  seepage. 
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Because  of  the  recently-placed  earthfill  on  the 
downstream  side  of  the  dam,  the  exact  location  of  the 
seepage  could  not  be  determined  on  the  day  of  the 
inspection.  The  LHCA  maintenance  foreman  stated  that 
when  the  lake  falls  during  the  summer,  the  seepage 
reduces  to  a  trickle.  The  top  of  the  sheeting  is  subject 
to  fluctuating  pool  levels.  It  is  therefore  surmised 
that  the  timber  sheeting  is  deteriorating  with  most  of 
the  deterioration  having  occurred  at  the  top  of  the 
sheeting.  This  would  explain  the  reported  large 
variation  of  seepage  with  a  relatively  minor  variation  in 
pool  elevation. 

The  deterioration  of  the  sheeting  could  have 
caused  the  whirlpools,  which  appeared  around  1976.  The 
measures  taken  to  prevent  the  recurrence  of  the 
whirlpools  are,  at  best,  temporary.  It  is  believed  that 
present  conditions  are  still  conducive  to  other 
whirlpools  developing.  Uncontrolled  seepage  could 
develop  into  piping,  as  indicated  by  whirlpools,  and  lead 
to  rapid  failure  of  the  dam. 

The  theoretical  structural  stability  of  the  dam 
cannot  be  determined  without  further  information  because 
both  the  extent  of  the  dry  masonry  in  the  dam  and  the 
foundation  conditions  are  unknown. 

c.  Operating  Records.  There  are  no  formal  records 
of  operation.  The  development  of  whirlpools  and  the 
significant  increase  in  seepage,  as  assessed  above,  are 
of  major  concern.  There  are  no  records  of  any  slope 
movement  over  the  operational  history  of  the  dam. 

d.  Post-Construction  Changes.  The  various 
modifications  to  the  dam  are  evaluated  above. 

e.  Seismic  Stability.  Lake  Henry  Dam  is  located 
in  Seismic  Zone  1.  Normally  it  can  be  considered  that  if 
a  dam  in  this  zone  has  adequate  factors  of  safety  under 
static  loading  conditions,  it  can  be  assumed  safe  for  any 
expected  earthquake  loading.  However,  since  there  are  no 
static  stability  analyses,  the  theoretical  seismic 
stability  of  Lake  Henry  Dam  cannot  be  assessed. 
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SECTION  7 

ASSESSMENT,  RECOMMENDATIONS,  AND  PROPOSED 
REMEDIAL  MEASURES 


7. 1  Dam  Assessment. 


a.  Safety. 

(1)  Based  on  available  records,  visual 
Inspection,  calculations,  and  past  operational 
performance,  Lake  Henry  Dam  is  judged  to  be  in  poor 
condition.  The  recommended  SDF  for  the  size  and  hazard 
category  of  the  dam  is  the  PMF.  Based  on  existing 
conditions,  the  spillways  will  pass  about  19  percent  of 
the  PMF  before  overtopping  of  the  dam  occurs.  It  is 
judged  that  the  dam  would  fail  during  the  1/2  PMF. 

Failure  of  the  dam  would  cause  an  increased  hazard  for 
loss  of  life  downstream.  The  spillway  capacity  is  rated 
as  seriously  inadequate. 

(2)  There  was  no  evidence  of  slope  movement  at 
the  dam  at  the  time  of  the  visual  Inspection.  A 
potential  hazard  exists  due  to  the  significant  amount  of 
uncontrolled  seepage  at  the  toe  of  the  dam  and  due  to  the 
whirlpools  that  have  reportedly  developed  upstream  of  the 
dam.  Remedial  measures  performed  by  the  Owner  to  prevent 
additional  whirlpools  from  developing  are  Inadequate. 

(3)  According  to  criteria  established  for 
these  studies,  the  dam  is  classified  as  unsafe, 
nonemergency,  because  of  the  seriously  inadequate 
spillway  capacity,  the  significant  seepage,  and  the 
whirlpools  that  have  reportedly  developed  previously  in 
the  lake. 

(4)  Maintenance  at  the  dam  is  inadequate. 

(5)  There  are  no  outlet  works  facilities 
at  the  dam. 

(6)  A  summary  of  the  features  and  observed 
deficiencies  is  listed  below: 
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Feature  and  Location 


Observed  Deficienc 


Embankment ;  Brush  and  trees;  seepage. 

Main  Splllwayt  Eroded  areas  In  apron  and 

at  downstream  end  of  apron; 
brush  and  trees. 

Reservoir  Area;  Floating  islands  with  a 

potential  to  block 
spillways . 

b.  Adequacy  of  Information.  The  information 
available  is  such  that  a  preliminary  assessment  of  the 
condition  of  the  dam  can  be  inferred  from  the  combination 
of  visual  inspection,  past  performance,  and  computations 
performed  prior  to  and  as  part  of  this  study.  However, 
brush,  debris,  and  earthfill  at  the  downstream  toe  of  the 
dam  obscured  most  of  the  dam;  as  a  result,  a  thorough 
inspection  of  the  dam  was  not  possible. 

c.  Urgency.  The  recommendations  in  Paragraph  7.2 
should  be  implemented  immediately. 

d.  Necessity  for  Further  Investigations.  In  order 
to  accomplish  some  of  the  remedial  measures  outlined  in 
Paragraph  7.2,  further  investigations  by  the  Owner  will 
be  required. 

7.2  Recommendations  and  Remedial  Measures. 


a.  The  following  studies  and  remedial  measures  are 
recommended  to  be  undertaken  by  the  Owner,  in  approximate 
order  of  priority,  immediately: 

(1)  Clear  brush,  debris,  and  trees  from  on  or 
near  the  dam. 

(2)  Perform  additional  studies  to  more 
accurately  ascertain  the  spillway  capacity  required  for 
Lake  Henry  Dam  as  well  as  the  nature  and  extent  of 
mitigation  measures  required  to  provide  adequate  spillway 
capacity.  Take  appropriate  action  as  necessary. 

(3)  Perform  additional  studies  to  determine 
the  structural  stability  of  Lake  Henry  Dam.  These 
studies  should  also  address  the  effects  of  the  seepage  on 
the  structural  stability  of  the  dam,  the  potential  of  the 
seepage  to  cause  piping,  and  the  nature  and  extent  of 
measures  necessary  to  control  seepage  and  prevent  a 
recurrence  of  whirlpools.  Take  appropriate  action  as 
necessary. 
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(4)  Design  and  construct  an  outlet  works 
capable  of  drawing  down  the  Lake.  Any  pipe  placed 
through  the  dam  should  be  provided  with  an  upstream 
closure  facility. 

(5)  Provide  means  to  prevent  the  floating 
islands  in  the  lake  from  floating  downstream  and  blocking 
the  spillways. 

(6)  Until  investigations,  studies,  and 
remedial  work  are  completed,  the  Owner  should  monitor  the 
condition  of  the  dam  and  appurtenant  structures.  Take 
appropriate  action  as  required  should  any  changes  in 
conditions  occur. 

All  investigations,  studies,  designs,  and 
inspection  of  construction  should  be  performed  by  a 
professional  engineer  experienced  in  the  design  and 
construction  of  dams.  Tree  removal  on  or  near  the  dam 
should  be  under  the  guidance  of  a  professional  engineer. 

b.  In  addition,  the  Owner  should  institute  the 
following  operational  and  maintenance  procedures: 

(1)  Develop  a  detailed  emergency  operation  and 
warning  system. 

(2)  During  periods  of  unusually  heavy  rains, 
provide  round-the-clock  surveillance  of  the  dam. 

(3)  When  warnings  of  a  storm  of  major 
proportions  are  given  by  the  National  Weather  Service, 
the  Owner  should  activate  his  emergency  operation  and 
warning  system. 

(4)  Initiate  an  inspection  program  at  the  dam. 
As  presently  required  by  the  Commonwealth,  the  inspection 
program  should  include  formal  annual  inspections  by  a 
professional  engineer  experienced  in  the  design  and 
construction  of  dams.  Utilize  the  inspection  results  to 
determine  if  remedial  measures  are  necessary. 

(5)  Expand  the  existing  maintenance  program  to 
properly  maintain  all  features  of  the  dam. 
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HYDROLOGY  AND  HYDRAULICS 


Spillway  Capacity  Rating: 

In  the  recommended  Guidelines  for  Safety  Inspection 
of  Dams,  the  Department  of  the  Army,  Office  of  the  Chief 
of  Engineers  (OCE) ,  established  criteria  for  rating  the 
capacity  of  spillways.  The  recommended  Spillway  Design 
Flood  (SDF)  for  the  size  (small,  intermediate,  or  large) 
and  hazard  potential  (low,  significant,  or  high)  class¬ 
ification  of  a  dam  is  selected  in  accordance  with  the 
criteria.  The  SDF  for  those  dams  in  the  high  hazard 
category  varies  between  one-half  of  the  Probable  Maximum 
Flood  (PMF)  and  the  PMF.  If  the  dam  and  spillway  are 
not  capable  of  passing  the  SDF  without  overtopping 
failure,  the  spillway  capacity  is  rated  as  inadequate. 

If  the  dam  and  spillway  are  capable  of  passing  one-half 
of  the  PMF  without  overtopping  failure,  or  if  the  dam  is 
not  in  the  high  hazard  category,  the  spillway  capacity 
is  not  rated  as  seriously  inadequate.  A  spillway 
capacity  is  rated  as  seriously  inadequate  if  all  of  the 
following  conditions  exist: 

(a)  There  is  a  high  hazard  to  loss  of  life  from 
large  flows  downstream  of  the  dam. 

(b)  Dam  failure  resulting  from  overtopping  would 
significantly  increase  the  hazard  to  loss  of  life  down¬ 
stream  from  the  dam  from  that  which  would  exist  just 
before  overtopping  failure. 

(c)  The  dam  and  spillway  are  not  capable  of 
passing  one-half  of  the  PMF  without  overtopping 
failure. 

Description  of  Model: 

If  the  Owner  has  not  developed  a  PMF  for  the  dam, 
the  watershed  is  modeled  with  the  HEC-1DB  computer 
program,  which  was  developed  by  the  U.S.  Army  Corps  of 
Engineers.  The  HEC-1DB  computer  program  calculates  a 
PMF  runoff  hydrograph  (and  percentages  thereof)  and 
routes  the  flows  through  both  reservoirs  and  stream 
sections.  In  addition,  it  has  the  capability  to 
simulate  an  overtopping  dam  failure.  By  modifying  the 
rainfall  criteria,  it  is  also  possible  to  model  the  100- 
year  flood  with  the  program. 


D-1 


APPENDIX  D 


Name  of  Stream:  t 
Name  of  Dam;  L  a 
NDI  ID  No.:  VA- 
DER  ID  No.:"  IS 
Latitude :  N  H/°  2 k  '  ;o” 
Top  of  Dam  Elevation:  1 1 

Streambed  Elevation:  JW7/.W 
Reservoir  Storage  at  Top  of 

Size  Category: _ ZfMTgra*1 

Hazard  Category:  u-tg 

Spillway  Design  Flood: 


_River  Basin 


Longitude: 

Height  of  Dam:. 
Jim  Elevation:  3.  j 


_ ft 

acre-f t 


see  Section 


UPSTREAM  DAMS 

Distance  Storage 

from  at  top  of 

Dam  Height  Dam  Elevation 


Name  (miles)  (ft)  ( acre-f t)  Remarks 


_ pEtA  tPAl 

Name  of  Stream: 

Name  of  Dam: _ L 

DETERMINATION  5FH 


River  Ba8in 


Drainage 

Sub-  Area  Cp  Ct  L  L-a  L'  Tp  Map  Plate 
area  (square  miles  miles  miles  hours  Area 

miles)  (1)  (2)  (3)  (4)  (5)  (6)  (7)  (8) 


otab  5.8s  I  (See  Sketch  on  Sheet  D 

(1)  &  (2):  Snyder  Unit  Hydrograph  coefficients  supplied  by 
Baltimore  District,  Corps  of  Engineers  on  maps  and 
plates  referenced  in  (7)  &  (8) 

The  following  are  measured  from  the  outlet  of  the  subarea: 

(3)  :  Length  of  main  watercourse  extended  to  divide 

(4)  :  Length  of  main  watercourse  to  the  centroid 

The  following  is  measured  from  the  upstream  end  of  the 
reservoir  at  normal  pool: 

(5)  :  Length  of  main  watercourse  extended  to  divide 

(6) :  Tp-Ct  x  (L  x  Lca)  except  where  the  centroid  of 

the  subarea  is  located  in  the  reservoir.  Then 

Tp«Cf  x  (L') 

Initial  flow  is  assumed  at  1.5  cfs/sq.  mile 
Computer  Data:  QRCSN  *  -0.05  (5%  of  peak  flow) 

RTIOR  -  2.0 


PMF  Rainfall  Index* 


Zone: 

Geographic  Adjustment 

Factor:  _ 

Revised  Index 
Rainfall: 

RAINFALL  DlSTRIB 
Time 
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1 2  hours 
24  hours 
48  hours 
72  hours 
96  hours 


32.0  in. ,  24  hr. 

Hydromet.  40 
(Susquehanna  Basin) 
N/A 


200  sq.  mile 
Hydromet.  33 
(Other  Basins) 

d- 


I(percentj 

Percent 
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Data  for  Dam  at  Outlet  of  Subarea  K-i-  (See  sketch  on  Sheet  D-4) 
Name  of  Dam:  K\»eg.  'Po**r> _ 


STORAGE  DATA: 

Elevation 

Area 

(acres) 

Storage 

million 

gals  acre-ft 

Remarks 
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Reservoir  Area  at  Normal  Pool  is  8  percent  of  subarea 
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BREACH  Mi; 

See  Appendix  B  for  sections  and  existing  profile  of  the  dam. 

Soil  Type  from  Visual  Inspection: _ SxutV  S _ 

Maximum  Permissible  Velocity  (Plate  28,  EM  1110-2-1601)  3  fps 
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Dam  Breach  Data: 
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OUTLET  WORKS  RATING: 


Outlet  1 


Outlet  2 


Outlet  3 
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Data  for  Dam  at  Outlet  of  Subarea  W\-4_(See  sketch  on  Sheet  D-4) 


*  BtEVO  ■  GLEV1  -  (,30|‘/A'| ")  El.EVo^/3 

**  Planimetered  contour  at  least  10  feet  above  top  of  dam 


Reservoir  Area  at  Normal  Pool  is_ 
watershed. 


of  subarea 


j  K*>t  Usefll 


See  Appendix  B  for  sections  and  existing  profile  of  the  dam. 

Soil  Type  from  Visual  Inspection: _ 

Maximum  Permissible  Velocity  (Plate  28,  EM  1110-2-1601) _ fp 

(from  Q  »  CLH^/2  ■  v*A  and  depth  -  (2/3)  x  H)  &  A  «  L ‘depth 

HMAX  -  (4/9  V2/C2)  -  _ ft.,  C  -  _ Top  of  Dam  El.- _ 


HMAX  +  Top  of  Dam  El. 
(Above  is  elevation  at  wl 


FAILEL 


Dam  Breach  Data: 

BRWID  - 

Z  - 

ELBM  -  _ 

WSEL  -  _ 

T  FAILp 


_ft  (width  of  bottom  of  breach) 

*  (side  slopes  of  breach) 

~  (bottom  of  breach  elevation,  minimum  of 
zero  storage  elevation) 

(normal  pool  elevation) 

jnins  -  _ hrs  (time  for  breach  to 

develop) 
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Data  for  Dam  at  Outlet  of  Subarea  fW—  4— 
Name  of  Dam:  !4ftLg  IMookA 


SPILLWAY  DATA: 


Top  of  Dam  Elevation 
Spillway  Crest  Elevation 
Spillway  Head  Available  (ft) 

Type  Spillway 
"C"  Value  -  Spillway 
Crest  Length  -  Spillway  (ft) 

Spillway  Peak  Discharge  (cfs) 

Auxiliary  Spillway  Crest  Elev.  _  _ 

Auxiliary  Spill.  Head  Avail,  (ft)  _  _ 

Type  Auxiliary  Spillway  _ 

"C"  Value  -  Auxiliary  Spill,  (ft)  _  _ 

Crest  Length  -  Auxil.  Spill,  (ft)  _  _ 

Auxiliary  Spillway 

Peak  Discharge  (cfs)  _  _ 

Combined  Spillway  Discharge  (cfs)  _  ' 

Spillway  Rating  Curve:  U$*.ci 

Q  Auxiliary 

Elevation  Q  Spillway  (cfs)  Spillway  (cfs)  Combined  (cfs) 


Existing  Design 

Conditions  Conditions 


See- _ 

fcrtoW  G> 


GC>rftPL6T6uy 


OUTLET  WORKS  RATING: 


Outlet  1  Outlet  2  Outlet  3 


Invert  of  Outlet 


Invert  of  Inlet 


Type 

Diameter  (ft)  *  D 
Length  (ft)  *  L 
Area  (sq.  ft)  *  A 
N 

K  Entrance 

K  Exlt  o  h/* 

K  Friction«29.lN2L/RM/3 


Sum  of  K 
( 1/K)  °*5 


C 


Maximum  Head  (ft)  ■  HM 
Q  ■  CA/2g(HM)(cfs) 

Q  Combined  (cfs) 


/Vpr  TO  _TJiik 

JBcpasr  _  _ 
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Data  for  Dan  at  Outlet  of  Subarea  U-1_(See  sketch  on  Sheet  D-4) 

Name  of  Dam:  Lft £g  tieMfty  Ba^ _ 

STORAGE  DATA: 


Area 


Storage 

million 


Elevation 

(acres) 

JV4L7  -ELEVO* 

IH  7B.O  -ELEVli" 

0 

_2ffCe_-A1 

meo.o 

2  1 9 

• 

ih  B/.q 

227 

Ifoo  »» 

gals 

0 

_ HS2- 


acre-ft 


Remarks 


jtjT*)  -SI  *Reco*u)  D*ta 


muA mm# 


c  PRa**  pg**;rw*Tiriy 

a^X  l^F,  COfJT*i(slsO  t*0,  BJ  A*  **  *•£'**-*'- 


:eet  above  top  of  dam  i-A*0 


*  ELEVO  -  ELEV1  -  OSt/Aj) 

**  Planimetered  contour  at  least" 

■f  £pp«t©<.  in  M«ntr  «ToyudGi 

Reservoir  Area  at  Normal  Pool  is  /£  percent  of  subarea 
watershed. 


BREACH  PAT A: 

See  Appendix  B  for  sections  and  existing  profile  of  the  dam. 

Soil  Type  from  Visual  Inspection:  Pay  Sio»oc  _ 

Maximum  Permissible  Velocity  (Plate  fit,  EM  1110-2-1601)  (o*S  fps 
(from  Q  -  CLH3/2  -  V*A  and  depth  -  (2/3)  x  H)  &  A  -  L'deptH 

HMAX  -  (4/9  V2/C2)  -  Q.O  ft..  C  -  3.  I  Top  of  Dam  El.-  MB/. 9 

HMAX  +  Top  of  Dam  El.  -  H&3.H-  •  FAILEL 

(Above  is  elevation  at  which  failure  would  start) 


Dam  Breach  Data: 

5"0 


BRWID  - 

Z  - 

ELBM  - 

WSEL  - 
T  FAILf 


O  _ 

mi.  H- 


/ygo.  o 


_ft  (width  of  bottom  of  breach) 

~  (side  slopes  of  breach) 

“  (bottom  of  breach  elevation,  minimum  of 
zero  storage  elevation) 

(normal  pool  elevation) 
joins  -  Om  /  hrs  (time  for  breach  to 

develop) 
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Data  for  Dam  at  Outlet  of  Subarea  -1— 

Name  of  Dam:  Uc.no.y  *Da»v\ _ 

SPILLWAY  DATA:  Existing 

Conditions 


Design 

Conditions 


Top  of  Dam  Elevation 
Spillway  Crest  Elevation 
Spillway  Head  Available  (ft) 

Type  Spillway 
"C"  Value  -  Spillway 
Crest  Length  -  Spillway  (ft) 
Spillway  Peak  Discharge  (cfs) 
Auxiliary  Spillway  Crest  Elev. 
Auxiliary  Spill.  Head  Avail,  (ft) 
Type  Auxiliary  Spillway 
"C"  Value  -  Auxiliary  Spill,  (ft) 
Crest  Length  -  Auxil.  Spill,  (ft) 
Auxiliary  Spillway 

Peak  Discharge  (cfs) 
Combined  Spillway  Discharge  (cfs) 


_£££_ 


SciObA. 


“XnfiuTF-  iC..  fc^T 

-  'bftTft _ 

-^□2 - - 

CAkCULATg 


Spillway  Rating  Curve: 


See  Ne*r  s»t£g-r 

Q  Auxiliary 

Elevation  Q  Spillway  (cfs) 
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OUTLET  WORKS 

RATING: 

Outlet  1 

Outlet  2 

Outlet  3 

Invert  of  Outlet 

A/OA/fi- 

AT-  Sirs 

Invert  of  Inlet 

Type 

Diameter  (ft) 

■  D 

Length  (ft)  « 

L 

Area  (sq.  ft) 

*  A 

N 

K  Entrance 
K  Exit 

K  Friction-29. l^L/R^3 
Sum  of  K 
( 1/K)  °«5  -  C 
Maximum  Head  (ft)  -  HM 
Q  -  CA/2g(HM)(cfs) 

Q  Combined  (cfs) 
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NOTES: 

1.  LIMITS  OF  DOWNSTREAM  FLOODING 
ARE  ESTIMATES  BASED  ON  VISUAL 
OBSERVATIONS. 

2.  CIRCLED  NUMBERS  INDICATE 
STATIONS  USED  IN  COMPUTER 
ANALYSIS. 

3.  THIS  MAP  SHOULD  NOT  BE  USED 
IN  CONNECTION  WITH  THE 
EMERGENCY  OPERATION  AND 
WARNING  PLAN. 


-DWELLING 


GOD  ", 


APPROXIMATE  MINIMUM  LIMITS 
_OF  DOWNSTREAM  FLOODING  SHOULD 
DAM  FAILURE  OCCUR. 


DAM 


-JONES  CREEK 


-PA.  ROUTE  348 
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3  DWELLINGS- 


ADDITIONAL  FLOODED  AREAS 
NOT  SHOWN  '  ' 


PHASE  I  INSPECTION  REPORT 
NATIONAL  DAM  INSPECTION  PROGRAM 

LAKE  HENRY  DAM 
JANET  RODGERS  AND  HELEN  STONER 

DOWNSTREAM 
DEVELOPMENT  MAP 


JULY  1980 


EXHIBIT  D-l 
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APPENDIX  E 
PLATES 
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POND  DAM 


2000 


PHASE  I  INSPECTION  REPORT 
NATIONAL  DAM  INSPECTION  PROGRAM 

LAKE  HENRY  DAM 

JANET  RODGERS  AND  HELEN  STONER 

LOCATION  MAP 


JULY  1980 


PLATE  E-l 
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UNCLASSIFIED 


GANNETT  FLEMING  CORDDRY  AND  CARPENTER  INC  HARRISBURG  PA  F/G  13/13 
NATIONAL  DAM  INSPECTION  PROGRAM.  LAKE  HENRY  DAM  (NDI  ID  NUMBER  — ETC(U) 
JUL  80  F  FUTCHKO  DACW31-0O-C-OO17 
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MAGNETIC 
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BZ*I 


VISUAL  ESTIMATE 


POINTS  SHOWN  AS  78x6  e  g 
INDICATE  ELEVATION  1478.6 
AT  POINT  x  . 


PHASE  I  INSPECTION  REPORT 
NATIONAL  DAM  INSPECTION  PROGRAM 

LAKE  HENRY  DAM 
JANET  RODGERS  AND  HELEN  STONER 


PLAN 
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PHASE  I 

INSPECTION  REPORT 

NATIONAL  DAM  INSPECTION  PROGRAM 

LAKE 

HENRY  DAM 

JANET  RODGERS  AND  HELEN  STONER 

PROFILES 

AND  SECTIONS 

JULY  IMO 

PLATE  E-3 

LAKE  HEHRY  DAM 
APPENDIX  F 
GEOLOGY 


Lake  Henry  Dam  ie  located  In  Vayne  County  within  the 
Appalachian  Plateau  Physiographic  Provinoe.  The  most 
pronounced  topographic  feature  in  the  area  is  Caaelback 
Mountain,  whioh  is  part  of  the  Pocono  Plateau  Escarpment. 
The  escarpment  has  a  well-defined,  southwestward  trend 
from  Camelback  Mountain,  but  it  is  irregular  between 
Camelback  Mountain  and  Mt.  Pooono,  which  lies  to  the 
north.  Streams  east  of  the  escarpment  drain  directly  to 
the  Delaware  River,  while  those  to  the  west  drain  to  the 
Lehigh  River. 

The  Pocono  Plateau  Section  lies  to  the  west  of  the 
escarpment.  This  area  is  relatively  flat,  with  local 
relief  seldom  exceeding  100  feet.  The  topography  has 
been  greatly  Influenced  by  continental  glaciation.  Many 
features  were  created  by  deposition  of  glacial  materials. 
The  entire  plateau  lacks  well-developed  drainage. 

East  of  the  escarpment  Is  the  Glaciated  Low  Plateaus 
Section  of  the  province.  This  area  is  characterized  by 
pre-glacial  eroslonal  topography  with  locally- thick 
glacial  deposits.  Local  relief  is  generally  100  to  300 
feet. 


Bedrock  units  of  the  sections  described  above  are 
the  lithified  sediments  of  offshore  marine,  marginal 
marine,  deltaic  environments,  and  fluvial  environments 
associated  with  the  Devonian  Period.  These  units  include 
slltstones  of  the  Mahantango  Formation,  siltstones  and 
shales  of  the  Trimmers  Rock  Formation,  and  seven  mapped 
members  of  the  Catskill  Formation.  These  members  Include 
sandstones,  slltstones,  and  shales  of  the  Towamenslng 
member;  sandstone,  slltstone  and  shale  of  the  Valoksvllle 
Member;  sandstones,  slltstones  and  shale  of  the  Beaverdam 
Run  Member;  sandstone  and  shale  in  the  Long  Run  Member; 
sandstones  and  conglomerates  in  the  Paokerton  Member; 
sandstones  and  some  conglomerates  in  the  Poplar  Gap 
Member;  and  sandstones  and  conglomerates  in  the  Dunoannon 
Member. 

Lake  Henry  Dam  is  underlain  by  the  Poplar  Gap  Member 
of  the  Catskill  Formation.  The  Poplar  Gap  Member  is 
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predominantly  a  gray  sandstone  and  conglomeratic 
sandstone  with  lnterbedded  alltstones  and  shales.  Sand¬ 
stones  present  are  thlok-bedded ,  fine- to  eoarse-gralned 
and  exhibit  eery  low  prlaary  porosity  due  to  a  olay  and 
slllea  aatrlx.  Effective  porosity  results  from  fractures 
and  parting  planes. 

Congloaeratic  sandstone  occurs  prlaarily  as 
concentrates  of  sub-round  to  round  quartz  pebbles.  The 
alltstones  and  shales  at  the  site  are  thln-bedded  and 
also  have  low  porosity. 

The  rocks  are  well-indurated  and  generally  are  not 
susceptible  to  slope  failure;  however,  the  presence  of 
well-developed  bedding  and  Joint  planes  will  result  in 
soae  rookfall  froa  vertical  and  high-angle  cut  slopes. 

Bedrock  is  entirely  overlain  by  glacial  till  of  Late 
Wisconsin  Age.  This  till  is  an  unsorted  mixture  of  clay, 
silt,  sand,  and  gravel.  It  is  moderately  cohesive  and  is 
generally  derived  locally  from  the  sandstones  of  the 
Catskill  Formation.  Thickness  of  the  till  varies  from  5 
to  75  feet. 

Bedrock  is  visible  at  the  main  spillway  channel.  No 
bedrock  is  visible  near  the  embankment;  foundation 
conditions  at  the  embankment  are  unknown. 
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